Introduction

45
Tryptophan is a neutral, aromatic amino acid that is essential for animals. As an 46 essential amino acid, tryptophan should be supplied via diet (Wilson, 2002 
151
Effects of tryptophan on 5HT synthesis, behaviour and stress response
152
5HT is a monoamine which is simultaneously a neurotransmitter in the central nervous 153 system and a paracrine or endocrine signal in the gut and blood (Fernstrom, 2016) . 5HT 154 pathway is relatively less significant in terms of tryptophan consumption, but 5HT 155 synthesis is essential regarding particular organs' well-functioning. Tryptophan uptake to 156 fish brain is somehow similar to mammals, which takes place through a stereospecific 157 and saturable carrier, but this carrier is used for other amino acids uptake, too
(Aldegunde et al., 1998). Increased tryptophan intake results in blood tryptophan
159 elevation which in turn increases tryptophan availability for uptake into the brain 160 (Johnston et al., 1990) . Tryptophan is converted to 5HT by activity of tryptophan 161 hydroxylase and aromatic L-amino acid decarboxylase in the presence of vitamin B 6 162 (Johnston et al., 1990 ). Tryptophan hydroxylase is not saturated by its substrate, 163 tryptophan; therefore, elevated tryptophan intake causes constant increase in the brain 164 5HT and also 5-hydroxyindole acetic acid (5HIAA), the major serotonin metabolite 165 (Johnston et al., 1990) . (Duerschmied et al., 2013) . In contrast to mammals, fish blood-brain barrier allows the 178 passage of 5HT to the peripheral blood vessels but, to best of our knowledge, there is 179 no report on the presence of 5HT in fish thrombocytes (Fritsche et al., 1993) . However, 180 because 5HT concentration in O. mykiss plasma was equal to that measured in whole 181 blood, it is assumed in fish that 5HT coming from peripheral tissues is stored in the 
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In the brain, serotonergic activity plays a major role in the hypothalamus-pituitary-191 interrenal (HPI) axis. Serotonergic activity is usually measured by the rate of production 192 of 5HIAA, the main 5HT metabolite, mediated by the monoamine oxidase (Caamano- (Höglund et al., 2005) . Such an aggression-suppressive effect was also observed in
219
Brycon cephalus after 7 days tryptophan administration, although serotonergic activity was 220 not reported (Wolkers et al., 2012) . Similarly, Epinephelus coioides treated with 221 tryptophan for 10 days showed suppressed aggressive behaviour and cannibalism along 222 with brain 5HT elevation (Hseu et al., 2003) . Also, Dicentrarchus labrax showed 223 increase in 5HT synthesis and altered voluntary locomotion after 7 days tryptophan 224 administration (Herrero et al., 2007) . These studies suggest that tryptophan affects teleost 225 behaviour via the serotonergic system; however, it is necessary to monitor long-term 226 tryptophan administration on the fish serotonergic response and behaviours. higher tryptophan intake under stressful conditions to support maximum growth (Fig. 2) .
267
Altogether, these studies show that there is a need for further research to find important 268 factors affecting tryptophan effects on the fish stress response, from brain serotonergic 269 activation to the release of cortisol. As mentioned above, timing appears to be a critical 
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In melatonin-producing cells, tryptophan is first transformed to 5HT (Fig. 1) , which is 
290
Pineal melatonin content elevates at night but decreases with light. Plus, because 291 melatonin is highly lipophilic and can therefore easily cross cell membranes, its plasma 292 levels oscillates parallel to pineal production (Falcón et al., 2011) . On the other hand, 293 melatonin produced in the gut and retina is considered to have paracrine actions in those 294 tissues. However, gut melatonin seems somehow to have contribution in circulating 295 melatonin level in fish. The gastrointestinal tract is a major melatonin production site.
296
Gastrointestinal cells are probably responsible for low, daytime levels of melatonin, while 297 pinealocytes light-sensitive melatonin production accounts for most of the night-time 298 hormone levels.
299
Other external and internal factors may account for melatonin activity modulation, though 300 instead of dictating rhythms, their action is limited to modifying rhythms amplitude 301 (Falcón et al., 2011) . These can be temperature, hormones (melatonin itself) and 302 catecholamines (Falcón et al., 1991) .
303
In teleosts, melatonin is engaged in several physiological processes other than those ruled hormone synthesis, the second being supported by observations in both birds (Wright & 325 Preslock, 1975) and fish (Yanez & Meissl, 1995) . In contrast to O. mykiss, tryptophan 326 did not alter the hormone synthesis in the gut of the D. labrax (Herrero et al., 2007) .
327
The authors suggested that the lack of increase in melatonin levels could be related to (Fig. 2) . GSH content and SOD, CAT, GPx, GST and GR activities and gene expression levels.
516
In these cases, the authors indicated that a possible motive for the generation of this 517 oxidative stress situation might be related to the production of 2,3-pyridine dicarboxylic Although the aforementioned studies suggest that tryptophan supplementation is beneficial 538 for fish when exposed to toxicants, the underlying mechanisms have not been studied. It Oreochromis mossambicus exposed to mercury (Tsai et al., 1995) . Therefore, the 543 serotonergic activity-promoting ability of tryptophan administration could help to 544 counteract the adverse effects of those toxic substances on the fish serotonergic activity.
545
This hypothesis is yet to be explored in fish.
546
Another potential explanation for the positive effects of tryptophan in fish exposed to 547 toxic substances might be mitigation of oxidative stress through its antioxidant property, conditions increase dietary tryptophan requirement (Fig. 2) . the functional role of 5HT in the fish immune system has been investigated much less. were also observed in C. carpio (Kepka et al., 2015) . Those authors described a potent 
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The kynurenine and niacin pathway 732 As mentioned before, the KP is the dominant route for tryptophan degradation,
733
accounting for almost 95 % of the tryptophan metabolized. Furthermore, it is consider to 734 be the pathway through which excess tryptophan is removed from the organism, as the 735 highest enzymatic activities occur in the liver where the portal blood supply is readily 736 absorbed by the hepatocytes (Fernstrom, 2016 ).
737
Tryptophan is firstly oxidized by one of two possible enzymes ( 
